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The Problems 


A generator’s electrical copper formers are 
secured with resin and wedges in their stator slots 
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Over time, the resin frets away resulting creating 
small gaps allowing increasing conductor TS 4, 
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These gaps cause bending | stresses in the 
windings and softens insulation rigidity as well as 
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breaks it down “ 
Bending makes copper work harden and then | 
fractures 


End windings protrude from the stator and hence 
are most subject to bending stresses 


Excessive vibration and thermal cycling weakens 
Insulation: causes SEW bar fractures 
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Stator End Winding Monitoring 
Prime Objectives 
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. To maintain power generation 


. To prevent insulation breakdown, 
failure and possible combustion 

. To monitor the condition of the 
generator windings for rigidity 

. To indicate maintenance 
improvements when windings are 
reconditioned or ‘tightened’ 
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Past Solutions and Issues 


Absolute deflection is measured 
in microns by accelerometers 


Accelerometers are mounted on 
the windings but are prone to 
electromagnetic effects and noisy 
signals 


More modern installations are 
hydrogen cooled which is an 
inherent explosive environment , 
extra safety precautions are 
essential 


Fitting sensors to windings is a 
A Typical Hydrogen Cooled Generator complicated invasive operation 

and usually done on new 

Generators by the OEM 
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n An grid of Old Generation Solution 


к: - MIL SEW3 System 


FIELD CONTROL ROOM 
SYSTEM CABINET 


ENCLOSURE FOR CHARGE AMPLIFIER 
RACK SR/04/12/PS 


19” RACK SR/04/12/PS 
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MIL SEW1-3: Technical Details 


MAIN COMPONENTS OF AN SEW SYSTEM 


IS BARIERS 
VIBRATION MONITOR 


Optional: 
PERSONAL COMPUTER 
SOFTWARE 
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Stator End Winding Accelerometer Matrix 
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Accelerometer Locations 


DRIVE END SENSOR LOCATIONS 


Condition Monitoring Solution 


Sensors Terminating at Generator 
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The Accelerometers terminate at the BNC sockets ensuring sealing to 
contain the hydrogen. They connect to the Charge Amplifiers 
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The Charge Amplifiers is for 12 Channels in an IP65 Cabinet 
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[INPUT ` 
[MAX INPUT CHARGE, Мс 


ПМРОТ CAPACITANCE LOADING 


|NORMALISING RANGE pC/g 


NOISE LEVEL © 1pC/g 


OUTPUTS 1 ACCN Mv/G 
OUTPUT 2 VEL., SWITCH, 
SELECTABLE 10db mm/sec/V 
[PEAK O/P VOLTS © Vs=+-15V 


[PEAK O/P CURRENT О/Р 1&2, Ma 


[OUTPUT IMPEDANCE, O/P 1&2 
[SUPPLY VOLTAGE Vs, V 
[SUPPLY CURRENT, Ma 


single ended 

12 

10nf=1% gain reduction 

1/100 

0.05mm/sec + 0.05/sec/1nf input 
capacitance 

SINGLE ENDED 100+-2% @ 
500hZ, 3DB BANDWIDTH 
3hZ/100khZ 

1, 3.16, 10, 31.6, 100, 316 +- 3% 
@ 500Hz bandwidth 20Hz/10KHz 
+- 12V, O/P's 1&2 

+- 10 

<10 ohms + 47uF 

+- 10/15 

+- 15 
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The Charge Amplifier Filter 
Characteristics 
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SEW is a structural monitoring system. The Windings are excited by 50Hz 


The Stator Core vibrates at 2x Synchronous frequency. Increasing levels 
indicate deterioration. 

A filter from 80 to 120 Hz gives a central frequency of 100Hz allowing for 
slight frequency variations to give the optimal value of the measured area 
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Why Measure at 2xLF or 100Hz? 
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A GEC Photo 
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VibroFibre'™ Advantages 


Packaged in polycarbonate 
that can be secured with 
adhesive. 

The X-Ray shows the FBG 
treated fibre 
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n Fully Encapsulated VibroFibre'" Sensor 
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Sensing Cavity 


VV 


By applying two identical caps, one top, one bottom, we have created 
a dustproof, oil proof environment for the sensor head. 
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Inside the Encapsulated VibroFibre™ 
Sensor " 


"D 
> 
© 
> 
© 
2 
5 
Di 


QPS Peter Kung Jan. 2009 Condition Monitoring Solution 


юча 


> 
о 
2 
5 
p 


QPS Peter Kung Jan. 2009 Condition Monitoring Solution 


Measures in Any Direction Selected 
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VibroFibre™ sensor 


X Direction of 
Vibration 
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is an 'Optical- 


solid state 
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What is FBG ? 
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FBG Technology 


01 JII 


Period Fiber Bragg Gratings 


Transmitted I Measurand 


Input I 
| signal Reflected Induced Shift 


Spectrum 
signal 
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| VibroFibre™ Sensor Ranges 
EDW FRG 


ОИЕ“ Ы[—–—Е_——Ѓ— Е = 
—— Long cavity, 0.1 ~ Ikm — — —4H 
sensor head for Perimeter Security 
such as piplines, wind turbine blades 
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ҺТейппип length cavity, 0.1-- 10m 


sensor head for impact studies 
AAN 
— - 


Small cavity, 2 — 5mm 
Sensor head for dynamic strain, presure, 
high speed vibration as well as АБ 
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Based оп mature DFB laser Technology 
Originated from the telecom industry 


Ideal for parallel measurements at high speed 


Optical vibration signal converted to analog 
voltage output 

Plugs into existing Data acquisition systems 
for complex signal analysis, modal analysis 
and pattern recognition. 

No new training or software development 
required 

Each laser can easily support 8 channels, with 
programmable signal conditioning 
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| TATA Bhira Hydro — Commissioned 
T 
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English Electric 25MW Hydro 


Pelton Turbines Either Side of Generator 
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Generator Pelton Wheel 


The Plant had experienced a 
winding failure on the Generator. 
Consequential damage was due 
to sudden high vibrations of the : 
ek windings | | rad 
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TG3 & TG4 Stator End Winding 
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Corrective action was taken using a putty resin to 
secure the windings from movement — there was a 
need to monitor the end windings 
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QPS Photronics Partners with 
Mechanalysis | 


| echanalysis | 
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* Built upon their experience, QPS integrated VibroFibre™ system 
with MIL8800 on-line protection monitor (API670) to provide 
traditional plant communications. A partnership was born. 


* TATA Projects of Mumbai were convinced that the MIL-QPS 
solution was superior to two other overseas bidders and was 
awarded the contract in Nov 2007. System commissioning was 
completed early March 2008 on two TGs. 
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2nsor design and software 
re made during the warranty 


period as this World First 
development was done with 
co-operation with TATA 
Projects. 


* After acceptance trials the 
system may be expanded to a 
further 4 TGs. 
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«Fibre Optic systems are now viable and cost 
effective, Fibre Optics make R&M projects viable 


ein November 2007, QPS and MIL designed the 
Next Generation SEW based on fibre optics 
using FBG technology with MIL8800 termed 
SEW4 for Bhira project 


eSEWA4 was installed at TATA Bhira on TG3&4 in 
Feb08. 
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Why Fibre Optical Sensors 
for SEW Monitoring? 
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MIL - QPS SEW Generic Architecture 
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VIBRATION 
SENSOR 


nm 


NON-CONTACT 
VIBRATION 
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TATA Bhira Hydro — VMS & End Winder Architecture for 2 Turbines 
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Sensor Calibration at Mechanalysis Mumbai 
Traceable to National Standards 
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jl Sensor Orientation on Stator End Caps 
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No 4 TG Generator Stator End 
Covers Removed 
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VibroFibre™ Installed on 
Generator 


Radial 
Sensor 
capsule 
glued to 
end 
winding 
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VibroFibre™ Installed on 
Generator 
Tangental Т г e 
Sensor NG | ғ 
glued to side PFIN - 


end winding 
w 4 
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Photronics 


VibroFibre™ System 
Commissioning 
(4) VibroFibre™ sensor system — 2 
calibration from sensor junction |- Ja Signal loops 


box through to MIL8800 monitor | : MS 
in the Control Room el 00 
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Тһе Server 
provides the 
MODBUS 


communications 
and network for 
a remote PC 
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VibroFibre™ System 
Commissionin 
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ration Signal Acquisition 
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Waveform Graph | Waveform Chart | Data Table | Spectral Amplitude | Spectral Phase | Configuration 
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Sample Count(%} 


Photronics 


Waveform Chart Spectral Phase 


Data Table Spectral Amplitude 


Waveform Graph 
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RMS spectral analysis . The data index region is 0 to 6000. 
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Configuration 


Sample Rate (Hz) SensorReady 
2) 6000 3 
Test Channel Input Range 


Channel 8 xi ЖЕ 10V vi 


Bi 
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Save 
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Sample Count} Sample Time (s) Sample Rate (нг) SensorReady 
a Г = 3 i г) 6000 2 
; An ОЛ y 7, 
-— 1 Test Channel Input Range 
Photronics 


Channel4 == | +I- 10 vi 
Waveform Graph | Waveform Chart | Data Table Spectral Amplitude Spectral Phase | Configuration 
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Operators Warning & Alarm Station 
API670 Compliant from MIL — Designed and Made in India 
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The MIL8800 is microprocessor based, m sss at key pad 
High and Low Pass Filters are adjustable 

Warning and Alarm relays for each channel 

Communications include isolated 4-20mA output, RS485/MODBUS 
SMPS power supply for each module, no common mode failure 
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Programmable 


MILBBO0. 


Select 
Alarms 


Condition Monitoring Solution 


Channel 1 or 2 
Units, Ranges 
Alarms 

Filters 
Comms etc 


microns Pk-Pk 
mm/Sec/Pk 
Mm/sec RMS 
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0-15 
0-20 
0-25 
mm/sec Pk 


0-10 Warn 
0-15 Trip 
mm/sec Pk 


Operator Friendly 


click to start & watch 
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| What Others Power Companies Say: 


p». void Potential Forced Outages: 
(8 
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On-line stator vibration monitoring is not only a protection device but also а 
maintenance optimisation tool: 
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е Mechanalysis is the | 
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Photronics + m. 
| Mechanalysis | 


World Leaders іп FBG Fibre Optics for 
Stator End Winding Vibration Monitoring 
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Thank you for your attention 


condition monitoring solutions 


Presentation by: Peter Kung (QPS) and Peter W. Hills (MIL) 


Any errors and omissions are regretted, this is not intentional 
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QPS Head Office: Mechanalysis (India) Limited 
217 St. Louis Ave., 1/5, Marol Co-op. Industrial Estate Ltd 
Pointe Claire, Quebec Off. Mathuradas Vasanji Road 


7 Canada Marol 
H9R 5L7 Canada Andheri (East) 


Phone: +1-(514) 697-4728 Mumbai400 059 
Fax: +1-(514) 697-8693 Tel: +91-022-2852 0178 
| Tel: +91-022-2859 6214 / 6573 
Email Fax: +91-022-2852 1814 


Website: www.qpscom.com Email : 


